ABSTRACT
Introduction
Research on the relationship between socioeconomic status and health is an important and active research area in social science, including economics. The gradient in health, the phenomenon that wealthier people is healthier, attracts much attentions from the researchers.
In economics, health is widely considered as an important component of human capital. Since the seminal work of Grossman (1972) , Grossman model has become standard model to study health demand and health determinants. Treating health as capital is the key insight of Grossman (1972) Further more, one-child policy has put Chinese population on a fast track of aging. 1 The aging issue is becoming an important topic in academia as well as in policy circle in China. Many resources have already been spent on the old population, and more will be needed. Oldest-old population certain claims a large share of these resources. 2 It is not surprising that we find aging is a major contributor to bad health both in term of dependence in activities of daily living (ADL) and in term of mortality in this paper. However, other factors also play important roles in determine the health in oldest-old population.
Effects of gender on independence in ADL and on mortality are different.
Female tends to be more dependent in daily living, but has higher probability to survive. Oldest-olds living in urban area are also more dependent in daily living, but are less likely to die.
Oldest-olds still in marriage are more independent in daily living and are more likely to survive.
Socioeconomic status, such as financial resources, education level of the oldest-old and of his/her spouse, etc., plays insignificant role in the health of oldest old. 1 One child policy is the family planning policy adopted by Chinese government since the early 1980s. Loosely speaking, it means one couple can only have one child legally. 2 In 1988, oldest-old spent 25% of Medicare budget in New York City, see Zeng (2001) . This percentage is very likely growing along with the increase of life expectancy.
There exists reverse causality between health and risky behaviors, such as smoking and drinking. Without controlling for endogeneity, the coefficients of smoking and drinking have wrong sign. After corrected for simultaneity bias by instrumental variable (IV) methods, the coefficients of risky behaviors are consistent with theory and common wisdom.
We organize the remaining paper as follows: Section 2 outlines the analytical framework based on Grossman model, Section 3 describes the data set and descriptive statistics, Section 4 presents empirical results, and Section 5 concludes the paper.
Theory
Economist considers health as human capital for a long time. Mushkin Building on the human capital theory, Grossman (1972) formulates a formal model to analyze health capital. Grossman (2000) surveys the development of Grossman model and related empirical studies. The conceptual contribution of Grossman (1972) is to treat health as capital. The health status reflects the stock of health capital. Two key factors: investment factor, investing in health, and depreciation factor, depreciation of health capital, determine the 4 stock of health, hence the health status. When the stock of health falls below certain minimum level, people die. 3 However, unlike market goods or standard investment which can be bought from store or stock market, it is impossible to purchase a unit of health from market. Conceptually, since the work of Grossman (1972) , economist models health as an output of the household production of Becker (1965) . In this model, households "combine time and market goods to produce more basic commodities that directly enter their utility functions" as stated in Becker (1965) .
Main market goods used to produce health is health care service. This provides theoretical foundation for the positive relationship between socioeconomic status and health because wealth and income determine the budget constraint. People with higher socioeconomic status can afford to purchase more health service, and produce more health capital.
Education is complementary to health, and it can improve household technology. Characteristics of other family member may also enter into the household technology. For example, more educated family member may be able to choose more qualified doctors, and is more knowledgeable to the harmful effect of risky behaviors. She/he can give advice to other family members. In theory, the education levels of all family members have a positive effect on health.
Life style, which is regarded as a key aspect in studying health in sociology, can be accommodated in Grossman framework. Life style, such smoking, drinking, and going to gym regularly, etc., affects health through two 3 Vaupel (1998) notes living organisms and complicated equipment, e.g. car, share similarity in their trajectories of mortality at their advanced ages, which provides an interesting evidence for health capital theory.
5 channels. One channel is the household technology. This channel captures the effect in health production process. Good/bad behavior will make the production of health more/less efficient. The other channel is the rate of depreciation.
Good/bad behavior will decrease/increase the rate of depreciation, so will deplete the already in stocked health capital slower/faster. This channel captures the effect in consumption of health.
It is important to note that one of the fundamental implications of Grossman model is that what really matters is stock. Current inputs to health production function and contemporary change of behavior and life style will have an incremental effect on the stock of health capital, which is determined by the entire history of past, but unlikely will change the stock of health significantly. etc., will exhibits larger effect.
Data

Data Set
Data set used in this paper is the Chinese Longitudinal Healthy Longevity Survey (CLHLS). The CLHLS is a national representative panel data with 1998, 2000 and 2000 three waves. It covers 22 out of the 31 provinces in China. 4 In these 22 provinces, half of the counties and cities were randomly selected. All centenarians who agreed to interview were included in the sample. For each centenarian, one octogenarian and one nonagenarian living nearby were matched by sex and interviewed. In 1998 and 2000, only people with age 80 or above were included in the sample except very rare cases. In 2002, additional observations with age from 65 to 80 were added to the survey. Zeng et al. (2001) describes the data set and survey design in detail. Their paper also assesses the quality of the data, especially age-reporting, and concludes that "age-reporting in our 1998 4 Xinjiang, Qinghai, Ningxia, Inner Mongolia, Tibet, Gansu, Guizhou, and Hainan are the 9 provinces not in the sample. Exclusion them from the survey is mainly due to the potential inaccurate age-reporting, since all of these 9 provinces have a large proportion of minority population, see Zeng et al. (2001) .
survey is generally good" after comparing the CLHLS with Swedish oldest-old data.
We deceased and their information was collected, and 585 were lost to follow-up.
We restrict our analysis on Han nationality to avoid possible inaccurate age-reporting of other ethnic groups. We also exclude oldest-old living in a nursing home to circumvent potential systematic different between oldest-old living at home and oldest-old living in a nursing home. There are 5.5% non-Han oldest-old and 4.6% oldest-old living in a nursing home.
Health Outcome Variables
One of the major difficulties to study health is how to measure the health. Old population becomes more dependent in activities of daily living with aging ( Figure 3) . At age 65, male and female have almost identical degree of independence, as measured by the Index of ADL; however, female is becoming more dependent than male is along with aging ( Figure 4 ).
The Index of ADL is a good indicator for mortality. At each age group, the survived group has better status measured by the Index of ADL ( Figure 5 ).
Another health outcome variable used in this paper is mortality. smoking, drinking and exercising, are different for these two groups of people.
Explanatory Variables
Results
In this section, we analyze the relationship between socioeconomic status, life style, risky behaviors, and health. The heath is measured by the Index of ADL 11 and by mortality. We use ordered probit model to study the Index of ADL and apply binary probit model to study mortality.
Besides socioeconomic status, we also control for psychological factors, life style variables, and environmental variables.
We address genetic difference in health endowment by including dummy variables on if the oldest-old has mother, father or a sibling living longer than 80-year old. We use IV approach to control for simultaneity bias arose from potential reverse causality between health and choice of life style.
The Katz Index of ADL
The Katz Index of ADL divides people into six-category from most independent to least independent in daily living. We use the Index of ADL as measurement of health, and apply ordered probit model to investigate the determinants of the independence in ADL in oldest-old.
7 Table 5 presents estimates from different model specifications based on 2002 cross-sectional data. Aging is one of the main factors which have caused the health deteriorated. Female negatively correlates with independence in ADL, but the gender effect has disappeared when we control for more covariates.
Current family income plays insignificant role. Whether the old-old has a pension or not, is income enough to meet expenditure, and whether oldest-old is his/her main financial source, are not important factors.
Nonetheless, the oldest-old will have better health if he has his own bedroom. One interpretation is that having an own bedroom or not captures the permanent income and the financial capacity of the whole family better. From the health capital theory, permanent income instead of current or transitory income affects stock of health capital more. The family resources, not the personal recourses, constrain the household production.
Education level of the oldest-old and of her/his spouse has an insignificant albeit positive effect on health.
The effects of current medical care services and of medical care services at age 60 are insignificant, but the significant positive effect of the medical care services at childhood has been persisted into late-life.
The oldest olds, who are still in marriage or who are taken cared by their close relatives, such by spouse, by their own children and in-laws, have better health.
Among the feelings of loneliness, happiness and uselessness, the feeling of uselessness is a good predictor for bad health. Whereas self-reported quality of life is insignificant in the whole sample, but it becomes significant when we run the model separately for male and for female. For male, higher quality of life relates with better health, but the relationship for female is totally reserved. We do not have an explanation for this (see Table 5 , Table 1a and Table 2a ).
At first sight, the life style and environmental variables seems having wrong signs. The coefficients of having tab-water now and having at ago 60 both significantly negative. Though the coefficients of smoking and drinking in the past are negative, the coefficients of smoking and drinking now are both significantly positive. 13 For the coefficients of tab-water, it is worth noting that the coefficient of whether living in an urban area is also significantly negative. This is consistent with the finding in Xu and Gu (2001), which shows that urban oldest-olds are more dependent than their rural counterpart in daily living. So the coefficients of tab-water maybe are biased by the confounded effect that oldest-olds in urban area are also more likely to have tab water.
The mysterious positive sign of current smoking and drinking status, i.e.
the paradox of smoking is good for health, is probably caused by reverse causality, i.e. the current status of smoking and drinking are consequences of poor health in the past. It is well know that reserve causality will cause simultaneity bias. We address this issue by IV approach. Table 6 is estimates from ordinary least squares (OLS) regression and from IV estimation. The results for current smoking and drinking status from OLS are similar to the ones from ordered probit model. After we instrument the status of smoking and drinking, control for endogeneity of these two variables, their coefficients become negative though insignificant (Column 3 in Table 6 ), 8 which are consistent with theory and common wisdom.
Another reverse causality which worries economist most is bad health leads to low socioeconomic status. For example, poor health may cause missing school days in childhood, lows human capital consequently, and leads to lower income afterwards. For those who are lucky enough to join the oldest-old club, it is very unlikely that their health in their childhood and adulthood were poor enough to significantly negatively affect their socioeconomic status. 8 We use past status of smoking, drinking and exercising as instrumental variables.
14 We also present results for male and for female separately in the appendix Table 1a and Table 2a . There are some difference between male and female. The coefficients of having her own bedroom and having enough medical care services in her childhood become insignificant for female population. Other findings are similar to the ones we discussed above.
Mortality
Another health outcome variable analyzed is mortality. We use probit model to study mortality. A positive coefficient indicates a positive relationship between the explanatory variable and probability of death. Table 7 summarizes results from the models. Like its effect on independence in ADL, aging is an important factor causing death. The gender has different effects on mortality and on the Index of ADL. Female tends to have positive effect on the probability of survival, but negative effect on the independence in daily living (see Table 5 ).
Similar to the finding in the independence in ADL, all coefficients of current family income, having enough income to cover expenditure or not, whether oldest-old is his/her main financial source or not, are not significant.
Unfortunately, we do not have information on whether the oldest-old has its own bedroom in 2000 survey, and cannot compare the effect of this variable on the independence in ADL to its effect on mortality. 15 Education level of the oldest-old and of her/his spouse has an insignificant effect on mortality. 9 For female oldest-old, having a white collar job or having a husband with a white collar job will significantly reduce the mortality. For male, his own occupation is not important, but the occupation of his wife is.
The effect of current medical care services can do little to extent the life of the oldest-old. 10 The oldest-olds still in marriage are not only more independent in daily living, but also have higher probability to survive.
At first, we find that unlike finding for the independence in ADL, the oldest-olds taken cared by their close relatives have higher risk of death. Since the oldest-olds in their final stage of life are more likely to be taken cared by their love ones, reverse causality may also bias this estimates. Again we use IV to correct possible simultaneity bias. After correction, the coefficient becomes insignificant (see Column 3 in Table 8 ).
Whereas uselessness is a good predictor for the dependence in ADL, it is not for mortality. Self-reported quality of life is good predictor for mortality of male population, but is not for female population.
The coefficients of life style variables are insignificant but have wrong sign. There also exists reverse causality. Controlling for endogeneity makes the signs of these variables more in-line with common wisdom (see Column 3 in 9 The finding that education is not important for the Index of ADL and mortality is probability due to the small variation in the CLHLS. The average years of education are only 3.3 and 0.6 for male and for female, respectively. 10 The effects of medical care services at age 60 and in childhood are also insignificant (results are not reported here). There is a very large portion of sample with missing values on these two variables. Table 8 ). For example, the coefficient of smoking now changes from negative to positive.
While oldest-olds in the rural area are less dependent in daily living, they face higher probability of death.
Conclusions
We use 1998-2000-2002 panel data and 2002 cross-sectional data to study health in oldest old. Our measurements for health are the Katz Index of ADL and mortality.
We find that aging is a major contributor to bad health both in term of independence in ADL and in term of mortality, but there are other important factors.
Gender has different effects on the independence in ADL and on mortality. Female tends to be more dependent in daily living, but has higher probability to survive. Oldest-olds living in urban area are also more dependent in daily living, but are less likely to die. Oldest-olds still in marriage are more independent in daily living and are more likely to survive.
Socioeconomic status such as financial resources, education level of the oldest-old and his/her spouse and etc. plays insignificant role in the health of oldest old.
There exists reverse causality between health and choice of life style.
After controlled for simultaneity bias by IV methods, the coefficients of risk behaviors are consistent with theory and common wisdom. 
25
The Index of Independence in Activities of Daily Living is based on an evaluation of the functional independence or dependence of patients in bathing, dressing, going to toilet, transferring, continence and feeding. Specific definitions of functional independence and F -Independence in all but bathing, dressing, going to toilet, transferring, and one Other-Dependent in at least two functions, but not classifiable as C, D, E, F.
G -Dependent in all six functions dependence appear below in the index Source: Table 2 in Katz, Downs, Cash and Grotz (1970).
A -Independent in feeding, continence, transferring, going to toilet, dressing, and bathing. B -Independent in all but one of these functions. C -Independent in all but bathing and one additional function. D -Independent in all but bathing, dressing, and one additional function. E -Independent in all but bathing, dressing, going to toilet, and one additional function. additional function. Note: Estimation based on 98-00-22 longitudinal data of CLHLS. 
